Taxonomic position of 46 Korean isolates of Rhizoctonia solani which were classified into nine intraspecific groups by anastomosis and cultural characteristics was analyzed by randomly amplified polymorphic DNA (RAPD) and sequence analyses of the internal transcribed spacer (ITS) regions of ribosomal DNA. All the isolates within each group showed highly similar band patterns in RAPD. The ITS regions of the isolates within the same groups showed a high level of sequence similarity above 96.0% whereas similarities among different groups were below 94.4%. When compared with several reference strains of R. solani from foreign countries, all the Korean isolates were clustered with the foreign isolates belonging to the same groups in the phylogenetic tree. All six Korean strains of AG-4 were identified as HG-1 out of 3 subgroup of AG-4. We discussed taxonomic position of Korean isolates of R. solani and showed that sequence analysis with ITS regions could be a rapid and useful method for identification of intraspecific group of R. solani.
Rhizoctonia solani Kühn [teleomorph: Thanatephorus cucumeris (Frank) Donk], the most recognized species within genus Rhizoctonia, is potent pathogen of economically important plant species and shows considerable diversity in morphology, geographic location, host specificity and pathogenicity (Ogoshi, 1987) . Kim et al. (1994; 1995) reported that R. solani had caused 65 diseases to wide range of plants including rice, potato, pepper, vegetables, ornamentals, turf grasses, pine tree etc. in Korea. The concept of anastomosis group (AG) is a widely accepted principle for identifying intraspecific groups in the R. solani complex (Carling, 1996) . Fourteen AGs, AG-1 through AG-13 and AG-BI (bridging isolates), had been described for R. solani by this concept (Carling, 1996; Ogoshi, 1987) . However, AG concept is not an ideal method for classification of R. solani as misidentification is caused from the varied frequency of hyphal fusion in some AG (Liu and Sinclair, 1992) .
For the biological bases of AG, vitamin requirement analysis (Ogoshi and Ui, 1979) , serological studies (Adams and Butler, 1979) , fatty acid analyses , isozyme analyses (Reynolds et al., 1983) , total soluble protein pattern (Liu and Ge, 1988) , GC content analysis and DNA-DNA hybridization (Kuninaga and Yokozawa, 1980) had been studied. Recently, molecular biological techniques have been used in combination with morphological and physiological markers for the analysis of R. solani population (Guleria et al., 2007) . The restriction fragment length polymorphism (RFLP) studies on ribosomal DNA regions were performed to differentiate AGs and their subgroups (O'Brien, 1994; Vilgalys and Gonzales, 1990) . Randomly amplified polymorphic DNA PCR (RAPD-PCR) analysis was performed to detect genetic variability among the isolates of R. solani (Sharma et al., 2005) . Sequence analyses of the internal transcribed spacer (ITS) regions of ribosomal DNA have been used to study the genetic relationships between AGs of R. solani by many authors (Boysen et al., 1996; Gonzales et al., 2001; Kuninaga et al., 1997; 2000; Salazar et al., 1999) .
Several studies were performed with Korean isolates of the species. Kim et al. (1994; 1995) reported cultural characteristics of R. solani isolates collected from various crop plants in Korea and Hong et al. (1998) performed PCR-RFLP analysis of their partial 18S-ITS-5.8S region of ribosomal DNA. However, there has been no report on the taxonomic position of Korean isolates using sequence analysis of ribosomal ITS region. In this study, we examined genetic diversity of 46 Korean isolates of R. solani, representing 9 groups (6 anastomosis group and 5 cultural types) using randomly amplified polymorphic DNA (RAPD) and DNA sequences of ribosomal ITS region. The objectives of this study were to: (1) determine the complete DNA sequence of the ribosomal ITS regions of Korean isolates, (2) confirm the relatedness between molecular Note *Corresponding author.
Phone) +82-31-299-1866, FAX) +82-31-299-1869 E-mail) funguy@korea.kr evidences and previous identification by anastomosis and cultural characteristics, and (3) examine the taxonomic position of Korean isolates within R. solani complex. Forty-six Rhizoctonia solani isolates, representing 6 anastomosis groups (AGs) and 5 cultural types (CTs), were used in this study (Table 1) . For RAPD analysis, PELF(5'-ATA TCA TCG AAG CCG C-3') and URP1F (5'-ATC CAA GGT CCG AGA CAA CC-3') by Kang et al. (2002) were used. Ribosomal ITS region was amplified with ITS1 (5'-TTC GTA GGT GAA CCT GCG G-3') and ITS4 (5'-AAC ATG CGT GAG ATT GTA AGT-3') primers (White et al., 1990 ) and sequenced in Solgent co. Ltd. The ITS sequences aligned by Clustal W (Thompson et al., 1994) and, phylogenetic tree was constructed using MEGA version 4 (Tamura et al., 2007) with reference sequences from GenBank and sequence of Rhizoctonia alpina (CBS 309.35) was used as an outgroup. Distances were calculated using the Tamura-Nei parameter model and a phylogenetic tree was constructed through Neighbor-Joining (NJ) analysis. Bootstrap analysis was performed with 1,000 re-samples of data.
Interrelation between intraspecific groups and molecular characteristics. Forty-six Rhizoctonia solani isolates were analyzed by RAPD using two primers, PELF and URP1F and both primers produced multiple polymorphic bands. Although there were some differences in minor bands, isolates in the same AG showed the identical band patterns (Fig. 1) . The length of ribosomal ITS regions varied as AGs due to various length of ITS1 (198-237 bp) and ITS2 (269-289 bp). Except for two subgroups of AG-2-2, sequence similarities of the Korean isolates were above 98.7% in the same groups but below 94.4% among the different groups. Phylogenetic analysis using ITS region with 730 bp length including gaps showed that isolates belonging to the different groups formed completely distinct clusters. When compared with 32 reference isolates from foreign countries listed in Table 1 , all the Korean isolates were well clustered with them by AGs (Fig. 2) .
Isolates of three subgroups of AG-1 clustered with reference isolates of each subgroups. Four subgroups of AG-2 were phylogenetically distant each other and AG-2-1 and AG-2-4 made a cluster with AG-3, however, AG-2-2 and AG-2-3 made a cluster with AG-5. All isolates of three subgroups of AG-2-2 were well clustered according to their group although the cluster of AG-2-2(IV) had low bootstrap value. Three Korean isolates of AG-3 from potato were much closer to reference isolates from potatoes than those from tobacco and tomato. All the Korean isolates of AG-4 were closed to HG-I among three subgroups of AG-4. Molecular characteristics examined by RAPD analysis and ITS sequencing were strongly interrelated with intraspecific groups by cultural characteristics and anastomosis.
Taxonomic position of Korean isolates within R. solani complex. AG-1 was divided into three subgroups based on pathogenicity and cultural characteristics. They were AG-1(IA) causing sheath blight on rice, AG-1(IB) causing webblight and AG1(IC) causing damping off in host plants (Sneh et al., 1991) . Our result from sequence analysis of ribosomal ITS region and RAPD showed that the three subgroups were completely distinguishable from each other. This result was consistent with previous report showing the different PCR-RFLP band patterns of 17S and ITS regions digested by a restriction enzyme Cfr13I (Hong et al., 1998) . AG-2 causing root disease on crucifer (Anderson, 1982) had been divided into five subgroups, AG-2-1, AG-2-2, AG-2-3, AG-2-4 and AG-2(BI), on the basis of hyphal fusion frequency (Carling et al., 2002; Ogoshi, 1987) . Isolates of AG-2-1 are autotrophic, and isolates of AG-2-2 and AG-2-3 are auxotrophic for thiamine. AG-2-2 is subdivided again into two cultural types, AG-2-2(IIIB) (rush type) and AG-2-2(IV) (root rot type) on the basis of their pathogenicity on mat rush and sugar beet, respectively (Salazar et al., 1999) , and confirmed by analyses of DNA sequence homology (Liu and Sinclair, 1992) . In the present study, we examined 16 Korean isolates of AG-2-1, AG-2-2(IIIB), and AG-2-2(IV). Six strains of AG-2-1 were located near to AG-2-4 and AG-3. However, 6 strains of AG-2-2 (IIIB) and 4 strains of AG-2-2 (IV) were located near to AF-2-3 and AG-2-5 (Fig. 2) . It means that AG-2 is not monophyletic. Further physiological and phylogenetical study would be required to understand AG-2. Traditionally, field isolates of AG-3 had been considered to be main pathogens causing stem canker, stolon lesion, and black sclerotia on tubers of potato (Anderson, 1982) . However, Date et al. (1984) and Stevens Johnk et al. (1993) reported that isolates of AG-3 caused leaf blight of tomato and target spot of tobacco, respectively. Several authors reported previously differences in fatty acid, isozyme composition, sequence variation of ribosomal ITS region and pathogenicity between AG-3 isolates originated from tobacco and potato (Carling and Leiner, 1990; Kuninaga et al., 2000; . Three Korean isolates of AG-3 originated from potato were completely clustered with reference isolates from potato, but located distantly from those from tobacco.
Several studies suggested that AG-4 may consist of three homogeneous subgroups, HG-I, HG-II and HG-III, by biochemical and molecular evidences such as fatty acid analysis (Stevens Johnk and Jones, 2001), DNA-DNA reassociation (Kuninaga and Yokozawa, 1984) and nucleotide sequence analysis of ribosomal ITS region (Kuninaga et al., 1997) . Based on the sequence of ITS, all Korean isolates of AG-4 were clustered into HG-I. However, any relatedness between subgroups and host plants was not observed. Five isolates of AG-5 were well clustered with reference strain from overseas. This group showed close relationships with AG-2-3.
According to Ogoshi (1987) , R. solani shows considerable diversity in geographic location and host specificity. However, we did not observe significant relatedness among the sequences of ribosomal ITS region and isolated location in this study. Almost Korean and overseas isolates in the same groups showed high sequence similarity in ribosomal ITS regions. Only AG-3 isolates showed a trend of host specificity in phylogenetic tree with ITS sequences.
For identification of AG and cultural type in R. solani, we have usually performed anastomosis test with reference strains from every recognized group and examined their cultural and morphological characteristics. However, it is not easy work because we have to collect reference strains from every group and anstomosis test takes long time and the results are often ambiguous to determine. According to results from this work, ribosomal ITS region was strongly discriminative to AGs of R. solani complex. Almost Korean isolates of R. solani were classified into nine intraspecific groups by anastomosis and cultural characteristics, and they were well clustered to their reference isolates from overseas in phylogenetic tree with ITS sequences. It means that sequence analysis with ribosomal ITS regions could be a good and rapid method to identify anastomosis groups and cultural types in R. solani complex.
